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FOREWORD

This report was prepared by the Mapping and Charting Research

Laboratory of the Ohio State University Research Foundation, under

USAF Contract No. AF 18(600)90. The contract was administered under

the direction of the Mapping and Charting Branch, Photographic

Reconnaissance Laboratory, Air Research and Development Command,

Wright-Patterson Air Force Base, Dayton, Ohio with Mr. D. L. Radcliffe,
Chief of the Mapping and Charting Branch, as Project Engineer.

Research and Development Order No. R683-44, "Charting, Aeron-

autical, Photogrammetry and Geodesy," and R683-58, "Aeronautical

Charting Systems," are applicable to this report.

This report is identified by the Ohio State Research Foundation

as OSURF Technical Paper 157, Project 485.
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ABSTRACT

In many of the current radar sets, ground-range presentation

is not available. However, partial compensation for the slant-range

distortion can be obtained by changing all of the ranges by a constant

amount, known as the "altitude delay." A basis for selecting the magni-

tude of this delay is described in this paper and a graph is provided

for its determination.
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NOWU ON AWRIYM DILLY SM!I 96

I. Statement of the ?"ollt

1.1 Various methods for compensating for the effect of the slant

range presentation of the customary radar sot have boo& proposed. The

most satisfactory method, at least 13 theory, to the inelusion I& the

radar net of circuits which satomatically compute end present the correct

ground range.

1.2 In many of the current radar sets, however, partial compensation

for this effect is obtained by changing all the ranges 'by a constaat

amouat, knows as the "altitude delay."' Considerable arbitrariness

exists in the choice of the value to be used for this delay.

1.3 If the slant ranges are changed by an amount equa~l to the altitude

of the aircraft. the baltitude holeO' 1 eliminated. The resulting pre-

sentation is &either OgrouAd rsage' mew. slant reage." Whe* the altitude

delay io selected arbitrarily, this last statement usually holds..

1.*I low, we know that for many combinations of scope letting and

altitude the difference between slant and ground ranges ts so small. over

certain portions of the scope face, that It is incapable of detection.

Thus, over these portions of the scope, we may assume that we have a

ground range presentation. These considerations suggest the following

criterion for selecting the altitude delay.

1.5 For a particular combination of altitude and range setting on

the scope,the altitude delay is to be chosen so as to maximize the are&

on the scope in which the assumption of ground range presentation is

valid.

1.6 That this critbrion completely determines the altitude delay as

a function of aircraft altitude &ad range setting may be seen in the

following section.
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II. Determination of the Delay

2.1 Due to the difficulties inherent in the processes of identification

and measurement on a radar scope photograph, it seems safe to assume that

we cannot determine the position of a "point" on a photograph with a

precision exceeding 0.01 inch. Thus, since the radtis of the scope

face is about 2.5 inches, we cannot e•etermine the range at a "'point"' on

a photograph with a precision better than (24- )R• where R. is the

range setting of the scope.

2.2 Let h be the aircraft altitude, d the altitude delay, and

lot R and r denote the slant and ground ranges, respectively, to

a point P on the scope photograjk. Then the condition that the

assumption of ground range presenatetin be valid at P ti

R
i~-u~i250

and the condition that this assumption be valid-on an interval

R1, f R Al Rai IR-d-rI • 2" for R, & R Ra.

2.3 Since our conditieas do not involve the azimuth, it follows

that the problem of maximizing the area on the scope in which the

assumptios of ground range presentation is valid Is equivalent to

maxsimizig the length of the interval R, • R i 'a j 1.9., It ti

equivalent to maximizing the difference Re-I&.

2.4i ]lw,
It. r.].•R.h

is a decreasing fanctil~ of R, Raome, R1  A Ba *ad d satisfy the

inequalities

r if ki

(1)

where k 2
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2.5 31tmitating d from the first two inequalities,

RI- Rf - h i ýR- • h + 2B.. (2)

2.6 Hence, if

thenR,- J -ha --h. Kr (1 +:) ka-_O-h •- -ha + 2 A (4)

and the inequality (2) is satisfied by all values of R, and RS

lying betweem h &ad R a I& this case, the difference Ra-R,

it maxiised if we take R, n h and Ra - RM. The value of d is not

uniquely determined. Any value of d satisfying

h-k d A RU(1 + - ha (5)

will satisfy the inequalities (1). In order to have a single value

for d, we choose the smaller of the two extreme values; i.e.,

•h- k.. kR - h - R (1+ 2k) - -ha
d a a (6)

S0 ,hifkR

2.7 golW, suppose

h * R (l+ 2k) - h (7)

Thea there are values of R, and Ra for which the sign of equality

holds ia (2). The inequality (2) may be transformed into the inequality

RaJ -h -Rj I
S+ 2R a R-e(8)

2 kR

The aumerator of this fraction increases with Ra j while the

deaoutiator decreases as 2 Increases. Zence, the fraction

iacreases as Ra imaossres" Owhe unzinuu value of RB - R,. ts obtained

for Ra - R;

mz4.1-j - "3.) M - -

2 +a •(9)
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2.8 Let hb-R (l4 + 2) - i . (io)
The CL+2k+ 20) - 31SR.1 k) r r-7r

R. L + 2k) -R:-'

2he
(11)

with tho equ•ality Biga holding if, sad o0lY If, h - k . Thus, the

solution given by (9) is valid for h he., but does sot hold whea

h < e (siance the& R1 kh)

2.9 Vhea h h .

-J k6 -h h (12)

so that, from (I)i d must satisfy

he-k * k dI -k]I*

whence d - ho- k R- In (L + k) . TR: • -• O

2.10 Recapitulating, we haven.-i ,. (li)

R,= mj~h (15)

2 " h- whoe h h e

( 0 ,when h &kRs

dm= h- k,,whoe k1, h' h (16)

ho - k R 1, who he a h

2.11 The curves contained ia ligures 1 and 2, pages 5 and 6; Illustrate

those futnctions. To facilitate the computations of these curves, the

following parameters were introduced:

sin 0 (17)
S= 1 + - l n 0

pAD + -Piz - (18)
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In terms of these parameters, equations (14), (15), and (16) become

• a R3 - sin (, who& sin 1 A 2 kp

Is +P k. when sin 8 ft 2 kp.

=p

{ 0 whea sin 0 Q k

KI O - k,whenk < a 2kp (20)

k(2p--) ,wha sin a A 2kp,

where k - 250

2.12 The critical value of So Oo. for which

h - R,(1+ 2 0 -k.,S- (21)
may be obtained as follows: Dividing through by In.

sin Oo - 1+2kq. co 0o , (22)

or

tin (e0+ 450) - 1+. k * (23)

vAeaoe, so 8(SIR -1 , 5 0 (24)

and~ +S~ =+2ko -A k- - 4-k74
gin a2 (25)

coo Oo a ý+ 2k + 2- 4k- (6
2

2.13 T•he following values illustrate the reading of the respective

figures.

I igurel ],vwhoa h- 15.0 and 36 =50.0, dm 2.5 and %-R1mR O.

IU igure 2,iwen h - 3.0 and Inm 30.0; d a 0.27.
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III. The Increase in Usable Range

3.1 Figure 3; page 10, illustrates the increase in usable range

given by the delays deterxmined from Figure 2 when compared to zero

delay (slant range presentation). When no altitude delay is used

all ranges satisfying the inequalities

(27)
h IF R Em

may be assumed to be ground ranges. If h 4 kim,

then

R-vi 5 Ra- h- . (28)

and all ranges from h to RE are usable as ground ranges. When

h i k3, ll ranges satisfying

Ro -A R 4 (29)

where Ro- f -h- -=kit. (30)

may be assumed to be ground ranges. We find

h8 kiRm
0 2 ktm 2(31)

3.2 Thus.

RO ha * h'
Tow m+ 2 h k1 (32)

3.3 The requirement Ro 3m0 has yet to be satisfied. We find

h' '& (2k- k).

or h RU /2k - k. (33)

3. i Thus, for ths usable portiom of the scope range, we have

an - h for hA kIm
'--o0 R-(l A )- --2 , ok. le .• .-ý: (34)

2 2kXU for k3. d h~ & m/~ 161r2
Sfor h& V. /2k-k 5

WADC TR 32-96 8



or in terms of S ,

1- sinS 0 for SinO6 Ak
.. {..k -k . for k 9 hize k-k 3  (35): for #in G b

3.5 The Improvenent in usable range, measured by Re - R1 . 1t

the& given by

* ,for 0 d sin e d k

+ sin 0 for k d sine 0 Sin eo (36)
% 2 k 2k

RX I+k + In2e r---'

p I- 1- k for siznod sil m i2k-M

l+k 2 k for /2k-ka A s 0 e 1
Rp

3.6 The maximum value of occ. for .i. .

Ve find

mx= (I. 2k)j. (37)

3.7 3quations (36) and (37) were used to compute the curves

appeari•g in Fig. 3.

3.8 TM following values Illustrate the reading of Figure 3:

whea h - 2.37 mnd 16 a 30.06 (o. 1&) = 15.0.
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IV. Conclusion

Whon the more desirable Crouad-range presentation Is not

available and the radar met does permit the use of a constant delay,

the magnitude of the delay to be used has an optimum value predicated

upon the problem stated in Section 1. This optimum value may be

obtained directly from Figure 2 vith sufficient accuracy.
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